Aim: To study the anti-endotoxic effect of o-aminobenzoic acid (OABA) isolated from Banlangen(BLG). Methods: OABA was extracted and isolated from BLG and diluted into 0.5% solution. The concentration of endotoxin (ET) pretreated with OABA was quantitatively detected using Limulus test. The inhibition of ETinduced fever by OABA was measured in rabbits. The rates of lipopolysaccharides (LPS)-induced death in mice pretreated with or without OABA were then compared. The influence of OABA on the release of TNF-α and NO from macrophages induced by LPS was examined in mice. Results: After pretreatment with OABA, 84.4% of ET was destroyed. The ET-induced fever in rabbits decreased significantly and the rate of LPS-induced death in mice dropped from 70% to 20%. The release of TNF-α and NO induced by LPS in mice was inhibited dose-dependently when the concentration of OABA was between 0.125% and 0.5%. Conclusion: OABA isolated from BLG has an anti-endotoxic effect.
Introduction
The pharmacological action of antipyretic and detoxicant materials is mainly related to their antibiotic and anti-endotoxic effects. It has been reported that Radix Isatidis (Banlangen, BLG) has antagonistic effects on endotoxin (ET) produced by E Coli O 111 B 4 [1] [2] [3] [4] [5] [6] . In all chemical constituents, the o-aminobenzoic acid (OABA) represented 70% of the total five organic acids [7] . The Tachypleus Amebocyte Lysale (TAL) test in vitro showed that OABA had the strongest anti-endotoxin action [8] . In the present study, the anti-endotoxic effect of the OABA was studied.
Materials and methods
Extraction and isolation of OABA BLG, which was grown in Xingtai, Hebei, China and identified as the root of Isatis indigotica Fort belonging to Cruciferae, was infused in ethanol for 72 h and percolated by ethanol after being powdered. Being concentrated in depression, the extract formed was extracted repeatedly by petroleum ether. When the petroleum ether was removed, the remaining was extracted by chloromethane so the F 02 part was obtained (0.8%). To get a purer active ingredient, the F 02 part was isolated on silica gel column chromatography and the mobile phase was a mixture of CHCl 3 -CH 3 OH with different proportions. Four different polar fractions were obtained. By doing tests in vitro and in vivo, the F 022 part was found to have the strongest anti-endotoxic activity with a productivity of 0.31% [9, 10] . By further isolation with other proportions of CHCl 3 -CH 3 OH, we got another 14 components. Using the same method, we found that the part of F 02209 whose productivity was 0.093% had the strongest activity among the 14 parts. The component was identified as OABA by Shanghai Institute of Materia Medica, Chinese Academy of Sciences (purity 99.7%).
Preparation of OABA solution With some flux being added, 0.5 g OABA was heated in a water bath until melted, then diluted in distilled water to 100 mL and adjusted to pH 6-7 with NaOH solution kept for later use after disinfection. Animals Japanese big-ear rabbits of both sexes (weighing 2.0-2.5 kg) and Kunming strain mice of both sexes (weighing 16-18 g) were provided by the Experimental Animal Center of Tongji Medical College, Huazhong University of Science and Technology.
Reagents and instruments
Quantitative determination of ET after being destroyed by o-aminobenzoic acid (OABA)
Preparation of ET solution One unit of ET (120 EU each unit ) was dissolved in BET water to 1 mL, and spun homogeneously on XW-Vortex mixer for 30 s with concentration of 120 EU/mL.
Calibration curve A series of ET solution of 5.0, 2.5, 1.0, 0.5, 0.25, and 0.1 EU/mL were prepared. For every concentration, two tubes of TAL were used (two-tube method) and 0.2 mL solution was moved into either of them. When air bubbles disappeared by vibrating, the two tubes were rapidly inserted into the access holes of quantitative detector for bacterial endotoxins and the formation time of gel (Tg) was recorded. Correlation between Tg and lgC was analyzed with linear regression. The regression equation was: Tg=2.80049-0.23326 lgC, and the regression coefficient (r) was 0.9905. If the concentration of ET was in the range of 5.0-0.1 EU/mL, the linearity was fine and the lowest detecting limit was 0.05 EU/mL.
Recovery rate Tg of 4 EU/mL ET was determined in the same way as described above. When the data were put into the regression equation, the result was 4.218±0.243 EU/mL and the recovery ratio was (105.45±10.52)%.
Measurement of samples OABA solution 0.5 mL (0.5%) was homogenized with 0.1 mL ET (4 EU/mL), spun for 30 s, incubated in water bath at 37±1 o C for 60±2 min. Then 0.1 mL of the mixture was diluted in 0.4 mL fresh BET water. The final concentrations of OABA and ET were adjusted to 0.833 g/L and 4 EU/mL, respectively, serving as sample groups. We used 0.833 g/L OABA as a negative control and 4 EU/mL ET as a positive control. Tg of each group was determined and put into the regression equation, so concentrations of ET in each group and the destroy rate of OABA against ET could be obtained. The basal destroying rate was calculated according to the formula: r=[1-(Sample group-Negative group)/(Positive group-Negative group)]×100% [11] . Effects of OABA on ET-induced fever in rabbits Preparation of reagent One unit of ET (120 EU) was diluted to 6 mL with sodium chloride injection and the concentration was 20 EU/mL.
Operation Before the experiment, rabbits were placed in the experimental environment and fed for a week. Three days before the experiment, anal temperatures of the rabbits were measured twice a day. The rabbits were fed only water as of the afternoon before the experiment day. Before administration, anal temperature was measured every 30 min. Fifteen rabbits whose anal-temperature fluctuations were below 0.2 o C were divided into three groups at random. Each group had five rabbits of both sex. Rabbits in the sample group and the negative group were given OABA (0.5%) 5 mL/kg via the marginal ear-vein. At the same time, the rabbits in the positive group were given a sodium chloride injection 5 mL/kg. Ten minutes later, the rabbits in the sample group and the positive group were injected with ET (20 EU/ mL) at a dose of 2 mL/kg. Half an hour after the injection, the anal temperature of each rabbit was measured every 0.5 h for 4 h [12] . Protective effect of OABA on LPS-induced toxicity in mice BCG-induced enhancement of endotoxin sensitivity BCG (50 mg) was dissolved with sodium chloride injection and diluted to 5 mL (10 g/L). According to the method previously reported [13] , each mouse was intraperitoneally injected with BCG at a dose of 0.4 mL, then reared in the conventional way. Nine days after the injection the mice were given water, but no food. The experiment began on the tenth day.
Operation After fasting for 16 h, the mice were randomly divided into three groups (n=20; in each group, either sex). The mice in the OABA group and the negative control group were given OABA (0.5%) at a dose of 0.4 mL/20 g. The mice in the LPS model group were all intraperitoneally injected with the same dose of sodium chloride injection at the start of the experiment. An hour and a half later, they were injected with the same dosage of injection again. Half an hour after this injection, the OABA and the LPS groups were injected with LPS at a dose of 0.2 mL/20 g. Time of death for all mice was observed over the next 72 h .
Effect of OABA on the LPS-induced release of TNF-α α α α α and NO in the serum of mice Preparation of sample solution OABA solution was diluted with BET water from 0.5% to 0.25% and 0.125%.
Prepration of LPS solution One unit of LPS (5 mg) was dissolved in BET water to 10 mL (500 mg/L), spun for 30 s; then 0.8 mL was diluted in fresh BET water to 100 mL (4 mg/L).
Preparation of serum samples Thirty mice, each ip BCG 3 mg, were fasted without water for 12 h before the experiment. They were randomly divided into five groups, six mice per group in each experiment. The three experiment groups were ig 0.5%, 0.25%, 0.125% of sample solution at dose of 0.4 mL respectively. The control group and model group were administered NS. After 0.5 h the experiment group and the model group were iv LPS 0.2 mL/20 g from tail vein, 9 h later, they were anaesthetized with ether and blood was taken from the eye sockets. The serum were kept in -20 o C. TNF-α α α α α examination Using the ELISA method, we proceeded examination according to the instruction in reagent box. On the enzyme-marked single quilted plank with antihuman cell factor, we added standard solution with which we acquired a series of concentration and 100 µL serum sample. In the meantime, we established the blank group (double tube method), and added TMB substrate to display the color for 15 min after function for 60 min at 37 o C. The absorbance at 450 nm was checked, and the standard curve was drawn. As a result, the curve was in linearity at 10-1000 ng/L. We also tested the serum sample by using the same method, and calculated the concentration of TNF-α according to the standard curve.
NO examination Using the Griess reagent method, we took NaNO 2 1 g precisely in a 100 mL volumetric flask and dissolved it with water. Then we took precisely 1 mL of this, and added water to 100 mL (100 mg/L) and diluted it to obtain a series of solutions. Each solution was 50 µL and the Griess liquid was added (containing 1% Sulfanilic amine, 0.1% N-1 Naphthalene ethylenediamine, 2.5% phosphoric acid) 50 µL, respectively, placed at room temperature (20 o C) for 10 min, and the absorbance value was tested at 550 nm. On the enzyme-linked immunodetection instrument, a standard curve was drawn. As a result, the curve had a line behavior at 1-100 mg/L. We added Griess liquid at the same volume to 50 µL serum of mice, tested in the same way, and calculated the concentration of NO according to the standard curve.
Results
Destroying rate of OABA against ET The concentrations of ET were 0.668 EU/mL in the sample group, 4.036 EU/ mL in the positive group, and 0.045 EU/mL in the negative group. We concluded that 0.833 g/L OABA could destroy ET directly and the destroy rate was [1-(0.668-0.045)/ (4.036-0.045)]×100% = 84.4%.
The ability to induce fever by ET after pretreatment with OABA If the average body temperature before injection was taken as basal body-temperature and the difference between the maximum body-temperature and basal body-temperature was taken as maximum rising temperature, the average DT max of each group could be obtained. The temperature reaction index in 4 h (TRI 4 ) and DT max are listed in Table 1 . Table 1 shows that typical fever reaction occured in rabbits given ET (40 EU/kg), while the TRI 4 and DT max dropped when the rabbits were given the OABA solution (5 mL/kg) before the same dosage of ET was administered. The difference between the two groups was significant and OABA did not have the activity to induce fever.
The mortality rate of mice treated with OABA Four of the 20 mice died within 10 h in the OABA group with a mortality rate of 20%. Fourteen of 20 mice died within 5 h in the ET model group with a mortality rate of 70%. In the negative control group, all of the 20 mice survived after 72 h. There was a significant difference in mortality between the OABA group and the LPS group.
The inhibitory function of OABA on the excessive release of TNF-α α α α α and NO in the serum of mice induced by LPS Administering different concentrations of F022 part to mice, then also giving LPS at equal dosage, the TNF-α and NO in the serum and the percentage of inhibition were shown in Table 2 . The formula of inhibitory percentage follows [11] : IP%=[1-(specimen group-blank control group)/(model group- Table 2 shows OABA from Radix Isatidis had inhibitory function on the release of TNF-α and NO induced by LPS in mice, the percentage of inhibition was dependent on the dosage when the concentration was between 0.125% and 0.5%.
Discussion
The chemical components of traditional Chinese medicine (TCM) were the substance basis of its pharmacology. Studying the Radix Isatidis's traditional function of reducing heat and detoxification was to study TCM with modernization research. Further study showed that organic acids of Radix Isatidis (quinazolinone acid, OABA, syringic acid, salicylic acid, and benzoic acid) had anti-endotoxic effects in vitro [14] [15] [16] [17] [18] [19] . The study showed that OABA had anti-endotoxic effect in vivo and in vitro. The OABA content in the Radix Isatidis was higher than other organic acids and had strong anti-endotoxic activity. It could be taken as a single active anti-endotoxic ingredient. The OABA could be used in the quality control production of Radix Isatidis medicinal materials, technology of preparation, and manufacture.
The dynamic color matrix method has many merits such as simple procedures, economy, high sensitivity, and wide detectable area. Normally, ET content between 0.05-300 EU/mL can be quantitatively measured. The content of ET was decreased to 0.668 g/L with the destroying rate being up to 84.4% when 4 EU/mL ET reacted with 0.833 g/L OABA.
One of the features of ET is its ability to induce fever. Rabbits are often used to screen antipyretic drugs because they are sensitive to ET. The dosages reported to induce fever in rabbits were not consistent, and we found that the results between the positive control group given E Coli O 111 B 4 endotoxin at 40 EU/kg and the negative control group given 0.5% OABA solution was comparable well.
The sensitivity of different kinds of experimental animals to LPS varies greatly. The lethal dose of 50% (LD 50 ) in mice was 25 mg/kg [13] . After being sensitized by BCG, 2.42 mg/kg LPS could induce fatalities in 70% of mice. As BCG could stimulate T-cells to activate macrophages, the mitosis and metabolism in macrophages were strengthened substantially and the recognition ability of macrophages increased, so the quantity of LPS decreased. We also found that if OABA was given before LPS, OABA could exert a protective action on mice, while if OABA given after LPS, the protective action of OABA disappeared. The results showed that the action of OABA on LPS happened before the immune system was activated.
There is more and more evidence about the function of excessive release of TNF-α and NO in the disease process of shock induced by LPS. Some measures of anti-TNF-α will become important pathways of prevention and cure for LPSinduced shock. The release of a large quantity of NO is the main factor of endotoxin shock, low blood pressure, and exhausted function of many organs. It could cause tissues and organs to be scathed when NO was combined with anion of oxidated subnitryl. In the shock and exhaustion of many visceras, inhibiting the release of a large quantity of NO could prevent low blood pressure and alleviate the oxidized harm of tissues. Radix Isatidis was able to inhibit the function of the excessive release of TNF α and NO induced by endotoxin in mice macrophages. 
